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A t	 current	 clearance	 speed,	 it	 will	 take	 more	 than	 100	 years	to	 remove	 all	 the	 landmines	 that	 remain	 in	 the	 world.1	Consequently,	Japan	is	developing	more	efficient	and	safer	hu-
manitarian	demining	technologies.	This	article	introduces	Japanese	






of Japanese GPR-based AP Mine 
Detection Systems Mounted on 
Robotic Vehicles
by Jun Ishikawa and Mitsuru Kiyota [ Japan Science and Technology 
Agency ] and Katsuhisa Furuta [ Tokyo Denki University ]
This article introduces Japanese activities re-
garding a project, “Research and Development 
of Sensing Technology, Access and Control 
Technology to Support Humanitarian Demining 
of AP Mines.” This project, which includes the 
research of six teams from academia and in-
dustry, has been funded by the Japan Science 
and Technology Agency (JST) under the auspices 
of the Ministry of Education, Culture, Sports, 
Science and Technology (MEXT ). The devel-
oped systems are equipped with both ground-
penetrating radar and a metal detector, and they 
are designed to make no explicit alarm and to 
leave decision-making of detection using subsur-
face images to the operators. To evaluate these 
kinds of systems, a series of trials was conducted 
in Japan from 8 February to 11 March 2005.
Test and Evaluation








































“Research	 and	 Development	 of	 Sensing	 Technology,	 Access	 and	
Control	 Technology	 to	 Support	 Humanitarian	 Demining	 of	 Anti-
personnel	Mines”	started	in	October	2002.









design research development test innovation prevention design research development test innovation prevention design 
research development test innovation prevention design research development test innovation prevention 
design research development test innovation prevention design research development test innovation prevention design 
research development test innovation prevention design research development test innovation prevention 
design research development test innovation prevention design research development test 
innovation prevention design research development test innovation prevention design research development test innova-
tion prevention design research development test innovation prevention design research development test innovation 




















































































































































































































































































































































































































































































































































































































































































Ishikawa et al.: Test and Evaluation of Japanese GPR-based AP Mine Detection Systems Mounted on Robotic Vehicles
Published by JMU Scholarly Commons, 2006
9	| research and development |	journal	of	mine	action	|	2006	|	august	|	10.1 10.1	|	august	|	2006	|	journal	of	mine	action	| research and development | 	9		
wave	 detector,	 such	 as	 an	 induction	 coil,	 detects	 subsequent	 NQR	
signals	from	the	1N	if	any	intended	target	exists,	and	the	resonance	
frequency	 of	 the	 signal	 is	 unique	 for	 each	 explosive	 material.	 Thus	
explosives	can	be	identified.
Two	research	teams	on	the	project	are	trying	to	develop	detectors	
based	 on	 the	 neutron	 analysis	 identifying	 explosives	 through	 back-





confinement	 fusion	 device	 20	 centimeters	 in	 diameter.1	 Professor	
Tetsuo	Iguchi’s	group	of	Nagoya	University	has	prototyped	another	
neutron	 source,	 which	 is	 an	 improved	 Cockcroft-Walton-type	 ac-















































the	 soil	 conditions,	 for	 example,	
targets	 (landmine	 surrogates)	 that	
are	 classified	 into	 “flat,”	 “wet,”	




was	 designed	 to	 mainly	 evaluate	
Figure 3: Test-lane layout and the calibration area.
Figure 2: Multi-Compton gamma camera based on stacked 
BGO scintillator rods.
 Figure 4: Landmine surrogates used in test.
Short-term	 R&D	 project.	 The	 objectives	 of	
the	 short-term	 R&D	 project	 are	 to	 develop	 sensing	
technology	 that	can	safely	and	efficiently	detect	AP	
landmines	based	on	the	physical	differences	between	
landmines	 and	 soils,	 and	 to	 develop	 access	 devices	
and	manipulation	technology	that	carry	sensors	into	
minefields	 and	 allow	 them	 to	 scan	 the	 ground	 pre-
cisely.	More	specifically,	the	goal	is	to	develop	vehicle-
mounted	 GPR+MD	 dual-sensor	 systems	 that	 make	
no	 explicit	 alarm	 and	 provide	 operators	 with	 clear	




CT	 images.	 This	 feature	 discriminates	 the	 systems	



























oped	 a	 dual	 sensor	 with	 built-in	 stepped-frequency	 GPR+MD.9	
The	sensor	system	scans	the	ground,	being	carried	by	a	low-reaction-
force	 manipulation	 frame	 that	 has	 four	 balloons	 on	 the	 legs	 to	
softly	 land	it	on	minefields.	The	manipulation	frame	is	attached	
to	the	top	of	a	boom	of	a	crane	vehicle	developed	by	Mr.	Tomohiro	
Ikegami’s	 group	 at	 TADANO	 Ltd.	 The	 vehicle	 has	 a	 20-meter	
reach	 for	 a	 200-kilogram	 payload	 with	 a	 positioning	 accuracy	
of	1	 centimeters.	These	 elements	have	been	 integrated	 into	 the	
Advanced	Mine	Sweeper	(AMS),	which	can	adapt	to	various	geo-
graphical	environments.10











































Figure 1a: Detection images from stepped-frequency GPR. Horizontal slices showing two targets at a five-centimeter depth (left) and a target at a 
25-centimeter depth (right).
Figure 1b: Detection images from stepped-frequency GPR. Three-
dimensional image of three targets in the horizontal slices.
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Table 3: Design result for Experiment 1.
Table 4: Design result for Experiment 2.
Table 5: Definition of confidence rating.


































1.	 Before	 the	 test	 starts,	 the	 tester	 records	 temperature,	 relative	










sion	 whether	 or	 not	 to	 declare	 the	 anomaly	 as	 a	 land-
mine	surrogate




















Test and Evaluation Results
The	following	is	the	data	analysis	and	evaluation	of	test	results	for	
anti-personnel	landmine	detection	systems	using	ground-penetrating	
radar	 mounted	 on	 robotic	 vehicles	 for	 humanitarian	 demining.17,1	
The	 test	 results	 showed	 that	 combining	GPR	with	metal	detectors	
can	improve	probability	of	detection	for	targets	around	a	depth	of	20	
centimeters,	where	 it	 is	difficult	to	detect	 the	targets	by	using	only	











Figure 5: Definitions of target depth and angle.
Table 2: Factors A to C and the levels for Experiment 2.
Table 1: Factors A to D and the levels for Experiment 1.
Continued on page 98, TEST
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esis	 is	 rejected.	This	means	 that	at	 least	one	pair	of	main	effects	 is	
significantly	different.






















crimination	 threshold	 is	 a	 one-sided	 view,	 and	 the	number	of	 true	












Figure 6: Normalized histogram of signal and noise.


















ANOVA	of	Experiment	2	 assuming	 that	 an	 experimental	 result	 in	
Table		is	acquired	from	a	system	with	no	repetition.	First	the	mean	
of	the	results	is	calculated	as:
Table 7: PD of eight testees of Experiment 2. Highlighted data of four testees are analyzed as shown in Figure 14.
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Table 10: Eight testees’ result of ANOVA of Experiment 1.
Table 11: Eight testees’ result of ANOVA of Experiment 2.
Figure 11: Factor effects of Experiment 1 with 95% 
confidence intervals
Figure 13: Averages of PD for Experiment 1. Testees 7, 2,
3 and 6 were chosen from each device.
Figure 14: Averages of PD for Experiment 2. Testees 7, 2, 3 and 
6 were chosen from each device.








curve	gets	closer	 to	a	diagonal	 line	as	 shown	by	 the	dashed	 line	 in	
Figure	7.	This	means	the	discriminating	power	decreases.	Once	ROC	
curves	are	obtained,	 there	are	many	methods	 to	 test	 the	difference	
between	ROC	curves.31








been	 shown	 that	 a	 metal	 detector	 can	 clearly	 image	 seven	 pairs	 of	
Type72	 surrogates	 buried	 flush	 (Figure	 9),	 and	 that	 a	 GPR	 sensor	
can	 display	 seven	 PMN2	 surrogates	 at	 a	 depth	 of	 20	 centimeters	
Figure 10: Detection image from a GPR sensor.




Probability	of	detection.	The	number	of	 testees	 is	 eight,	 the	
breakdown	 of	 which	 is	 two	 from	 MHV	 with	 a	 step-frequency	
GPR+MD	 (MHV	 #1),	 two	 from	 MHV	 with	 a	 pulse	 GPR+MD	
(MHV	#2),	 two	 from	 the	Advanced	Mine	Sweeper	with	 a	 step-	




Tables	 10	 and	 11	 show	 ANOVA	 results	 for	 Experiments	 1	 and	











factors	 influence	 PD	 and	 that	 the	 test	 lanes	 were	 well-designed	 to	
evaluate	the	sensor	systems.	It	has	been	shown	that	there	is	a	strong	
dependence	of	PD	on	target	depth	and	 that	 the	developed	systems	
still	 have	problems	 for	 rough	 and	uneven	ground	 surface	
(Figures	 11	 and	 12).	 Regarding	 factor	 A	 of	 Experiment	
2,	distance	 to	 adjacent	 target,	 the	ANOVA	showed	 that	
there	was	no	significant	difference	in	PD	between	a	pair	





Confidence	 limits	 can	be	 calculated	 the	way	 that	K.	M.	




ing	 GPR	 with	 MD.	 On	 the	 other	 hand,	 as	 also	 shown	
in	 Figures	 13	 and	 1,	 some	 of	 the	 GPR+MD	 results	 in	














have	 been	 accompanied	 by	 high	 false-alarm	 rates	
around	 30	 times/square	 meter,3	 and	 it	 was	 also	
proven	 that	 confirming	 the	 source	 of	 false	 alarms	
for	GPR	is	much	more	difficult	than	those	of	metal	
detectors	(i.e.,	metal	fragments).	Therefore,	anoth-
er	 performance	 index	 to	 penalize	 these	 GPR	 false	
alarms	will	be	needed.	
•	 PD	in	deep	 levels	of	20–30	centimeters	can	be	 im-
proved	by	combining	GPR	with	MDs.
Continued on page 102, TEST
Figure 8: Ground truth of the lane 2; ** shows a pair of Type72 and  
    shows PMN2.
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T he	international	demining	community	continues	to	seek	reliable,	efficient,	and	cost-effective	mine-	and	vegetation-clearance	equip-ment	to	assist	in	demining	operations.	The	U.S.	Humanitarian	
Demining	Research	and	Development	Program	is	responding	to	this	






equipment.	 In	 particular,	 one	 of	 its	 most	 successful	 strategies	 is	
using	 a	 COTS	 platform	 and	 adding	 tool	 attachments	 to	 create	 a	
multi-functioning	 vehicle.	 Through	 past	 efforts,	 the	 HD	 R&D	









The Survivable Demining Tractor and Tools 
The	SDTT	was	first	developed	 in	1997	and	 is	one	of	 the	earli-
est	 successes	 of	 the	 HD	 R&D	 Program.	 The	 system	 uses	 a	 modi-
fied	commercial	New	Holland	160-90	farm	tractor	fitted	with	armor	
Success of Multi-tools in 
Mine Action: 
The Survivable Demining Tractor and Tools 
and the Mine-Clearing Survivable Vehicle
by Tinh Nguyen and Charles Chichester [ U.S. Humanitarian 
Demining Research and Development Program ]
The authors examine the various equipment and 
technologies that allow further effectiveness in 
demining achievements. Recent developments 
in demining tools allow for greater protection of 
deminers, in addition to improved search results. 
With technological advancements such as the 
Survivable Demining Tractor and Tools and the 
Mine-Clearing Survivable Vehicle, the authors 





mers,	 sifters,	 light	 and	 heavy	 cultivators,	 large	 and	 small	 buckets,	
large	and	small	grabs,	pallet	forks,	and	light	and	heavy	tree-pullers.	
The	 system	 mechanically	 assists	 the	 manual	 demining	 process	 by	
providing	deminers	numerous	tools	and	an	armored	platform	from	
which	 to	 perform	 the	 most	 hazardous	 tasks.	 The	 versatility	 of	 the	
system	allows	deminers	to	work	more	efficiently.











































































shows	 the	FAR	of	 eight	 testees	 for	 each	of	
the	six	lanes	in	the	experiment.
Figures	 1a	 through	 1d	 show	 typical	




zontal	 axis	of	 each	plot	 shows	 the	normal-









testee	 7	 could	 not	 discriminate	 the	 targets	
from	 73	 negatives	 although	 the	 PD	 was	
77	percent.	On	the	other	hand,	as	shown	in	
Lane #
Device #1 Device #2 Device #3 Device #4
Testee #1 Testee #2 Testee #3 Testee #4 Testee #5 Testee #6 Testee #7 Testee #8
1 11.3 12.4 1.3 1.6 2.7 2.2 20.9 6.0 
2 8.5 6.6 1.7 0.7 1.1 1.9 35.0 7.5 
3 9.3 8.3 3.2 1.0 2.4 2.1 52.5 6.4 
4 15.4 16.7 4.2 1.3 3.9 3.5 36.9 4.6 
5 16.0 9.5 0.5 0.7 6.0 2.5 31.9 8.9 
6 9.5 12.3 0.9 1.7 4.5 1.7 20.6 8.5 
Table 12: False-alarm rate (1/square meter) of eight testees for each lane.
Figure 15b: ROC curve for lane 2 (testee 3). 
The total number of negatives (fragments, 
clutters or noise) is shown.
Figure 15a: ROC curve for lane 2 (testee 7). 
The total number of negatives (fragments, 
clutters or noise) is shown.
Figure 15c: ROC curve for lane 4 (testee 7). 
The total number of negatives (fragments, 
clutters or noise) is shown.
Figure 15d: ROC curve for lane 4 (testee 3). 
The total number of negatives (fragments, 
clutters or noise) is shown.
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Through	 the	 test	 and	 evaluation,	 many	
lessons	have	been	learned,	and	these	results	
were	fed	back	to	the	testees	for	further	im-
provement.	 The	 next	 step	 of	 the	 project	 is	
field	 trials	 in	 some	mine-affected	 countries	
to	confirm	the	improvements	and	to	evalu-
ate	robustness	and	cost-effectiveness.
The authors would like to thank all the proj-
ect members, especially the principal partners for 
the trial: Tohoku University, Chiba University, 
Tokyo Institute of Technology, University of 
Electro-Communications, Nagoya University, 
Kyoto University, Osaka University, TADANO 
Ltd., Mitsui Engineering & Shipbuilding Co., 
Fuji Heavy Industries Ltd., TAU GIKEN Co. 
Ltd. and Tokyo Gas Co.
See Endnotes, page 112
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